
have a history of multiple births than from two case-controlstudiesconductedin Canada

Multiple Births and Risk of other parous women, counter to the (19)and in Australia(12); only the latterhad pub-
predictions of current hypotheses for lished a risk estimatefor ovariancancerassociated

Epithelial Ovarian Cancer causes of ovarian cancer. [J Natl Can- withahistoryof twinning.The chief investigatorsofseven other case-control studies were also ap-
cer Inst 2000;92:1172-7] proached; however, these studies could not be in-

David C. Whiteman, Michael F.G. cludedfor the followingreasons:Multiplebirth data

Murphy, Linda S. Cook, Daniel W. Increasing epidemiologic and experi- were not collected or were incompletelycollected
Cramer, Patricia Hartge, Polly A. mental evidence indicates that ovarian [threestudies (20-22)], multiplebirth data were no

longeravailable[threestudies(23-25)],andindividual
Marchbanks, Philip C. Nasca, carcinogenesis is primarily driven by fac- subjectdata were unableto be retrievedfor multiple
Roberta B. Ness, David M. Purdie, tors associated with reproduction and birthhistory[onestudy(26)].Allsubjectdata submit-

Harvey A. Risch ovulation (1,2). At least two hypotheses ted forthe pooled analysiswere anonymous.
have arisen to explain the 6ausal pathway The characteristicsof the eight contributing stud-
to ovarian cancer. The "incessant ovula- ies are presentedin Table 1; specificdescriptionsof

Background and Methods: Prevailing tion" hypothesis (3) proposes that the study methodologiesare provided in the original
hypotheses about the causes of ovarian chronically repeated cycle of trauma and publications. The combineddataset included 12674women,of whom 2345(18.5%) reportedhaving no
carcinogenesis predict that women with repair to the ovarian epithelium provides full-termpregnancies.Because the aim was to de-
n history of multiple births (twins, trip- an opportunity for cellular mutation and terminewhether a woman's risk of ovarian cancer
lets, etc.) should be at increased risk of subsequent neoplasia. The "gonadotro- differed according to whether she had delivered
epithelial ovarian cancer. However, the pin" hypothesis (4) asserts that high levels multiple or singletonchildren, we excluded nullip-
scant available evidence suggests that of gonadotropins cause increased estro- arouswomenfrom allanalyses,aswellas 35women
they may actually be at lower risk. gen production by ovarian stromal tissue, with incomplete reproductive histories. The finaldataset, therefore, included 10293 women (2859
To resolve this issue, we pooled data which, in turn, promotes epithelial prolif- case patients withovarian cancer and 7434control
from eight studies involving 2859 par- eration and malignant transformation, women without ovarian cancer) who reported at
ous women with epithelial ovarian can- Most findings from epidemiologic least one full-termpregnancyand for whomdetails

studies are in accordance with both hy- of all pregnancieswere complete.cer (case patients) and 7434 parous

women without ovarian cancer (control potheses; however, several observations Exposure Information and
women). In addition to assessing their remain unexplained. In particular, women Data Quality
history of multiple births (and the sex with a history of multiple births (i.e.,
of the children, where available), we twins, triplets, etc.) have higher levels of From each case-control study, data were re-questedon the occurrenceof multiple birthsfor ev-
obtained information on age, parity, gonadotropins during their fertile years cry womanas well as potential confoundingfactors,
oral contraceptive use, and other re- (5,6), have a higher incidence of double including age, number of full-term pregnancies

productive factors for each woman. De- ovulation per menstrual cycle (7,8), and, (stillbirthsand livebirths), durationsof oral contra-
tails of tumor histology were available thus, would be predicted to be at in- ceptive use and breast-feeding,family history of
for all case patients. We estimated the creased risk of epithelial ovarian cancer if breast or ovarian cancer, and history of hysterec-
relative risks of various histologic types either hypothesis is true. The few avail- tomy or tubal ligation. Details of tumor histology
of ovarian cancers associated with mul- able data suggest that mothers of twins were sought for case patients, and analyses wererestricted to ovarian cancers of the epithelial type
tiple births by using multivariable 1o- are not at higher risk (9) and may actually (including both borderline and frankly invasive tu-
gistic regression analysis, adjusting for be at substantially lower risk of epithelial mors). All data were checked for internal consis-
matching and confounding variables, ovarian cancer than mothers of singletons tency; wherenecessary,correctionsor clarifications
Results: Among these parous women, (children born one at a time) (10-12). were requested from the originalinvestigators.
73 case patients (2.6%) and 257 control These few isolated reports are far from
women (3.5%) had a history of multiple conclusive evidence of a beneficial effect
births. The adjusted summary odds ra- because the risk estimates have not con- Affiliations of authors:D. C. Whiteman,M.F. G.Murphy, Imperial Cancer Research Fund General
tio (OR) for developing all types of ep- trolled other factors known to powerfully Practice Research Group, University of Oxford,
ithelial ovarian cancer that are associ- influence risk of ovarian cancer (such as U,K.; L. S. Cook, University of Calgary, Alberta,
ated with multiple births was 0.81 duration of oral contraceptive use) or Canada; D.W. Cramer, Harvard Medical School,
(95% confidence interval [CI] = 0.61- have been statistically underpowered to Boston, MA; P. Hartge, Division of Cancer Epide-
1.08). We found no evidence that risks test the association. We have, therefore, miology and Genetics, National Cancer Institute,
associated with multiple births differed pooled the data from eight large case- Bethesda,MD; P. A. Marchbanks,Fertility Epide-
among women with borderline or inva- control studies to explore the association miology Section, Centers for Disease Control andPrevention,Atlanta,GA; P. C. Nasca, Universityof
sire tumors and among women with between the risk of the various histologic Massachusetts,Amherst; R. B. Ness, University of
same-sex and opposite-sex offspring types of ovarian cancer among women Pittsburgh,PA; D. M. Purdie, QueenslandInstitute
from multiple births. The risk reduc- with a history of multiple births, of Medical Research, Brisbane, QLD, Australia;

H. A. Risch, Yale University School of Medicine,
tions appeared specific for nonmuci- SUBJECTS AND METHODS New Haven, CT.
nous tumors (n = 2453; summary ad- Correspondenceto: David C. Whiteman,M.B.,
justed OR = 0.71 [95% CI = 0.52- Data Ascertainment B.S., Ph.D., Epidemiologyand Population Health

0.98]); in contrast, associations with Dataon individualsubjectswereascertainedfrom Unit, Queensland Institute of Medical Research,
mutinous tumors (n -- 406) were het- six u.s. case--controlstudies (13-18) that had col- P.O. Royal BrisbaneHospital,Herston QLD 4029,
erogeneous across studies. Conclusions: lected data relating to multiple births and risk of Australia(e-mail:daveW@qimr.edu.au).
Parous women with nonmucinons epithelialovarian cancer but had notpublishedrisk See "Notes"following"References."
ovarian cancer are no more likely to estimatesfor this exposure.Datawerealso obtained © OxfordUniversity Press
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Table I. Characteristics of eight case-control studies of epithelial ovarian cancer

No. of No. of Age range

Study Period of case Origin of Origin of eligible control of case Confounding

(reference No.) Region patient selection case patients control women case patients* women patients, y Matching variablest

Nasca et al. (13) New York 1977-1980 Cancer registry Drivers' license 3035 806 20-79 Individual matching OC, PREG, HYST §,

records exact age, county BF

Hartge et al. Washington, 1978-1981 Hospitals Hospitals 296 343 20 -79 Individual matching OC, PREG, HYST,

(14) DC hospital, age, race TUB, BF

The Cancer and Eight U.S. 1980-1982 SEER]I registers Random-digit 4471 3868 20-54 Frequency matching OC, PREG, HYST,

Steroid locations dialing age, location TUB, FAMHIST
Hormone

Study

(CASH) (15)

Chen et al. (16) Washington 1986-1988 SEERII register Random-digit 322 430 20-79 Frequency matching OC, PREG, HYST,

state dialing age TUB

Risch et al. (19) Ontario, 1989-1992 Cancer registry Population 450 564 35-79 Frequency matching OC, PREG, HYST,

Canada register age TUB, BF,
FAMHIST

Purdie et al. Australia 1990-1993 Treatment Population 770# 855 18-79 Frequency matching OC, PREG, HYST,

(12) centers register age, urban/rural TUB, BF,
FAMHIST

Cramer et aL Massachusetts 1992-1997 Treatment Random-digit 563 523 17-75 Individual matching OC, PREG, HYST,

(17) and New centers dialing and age, residence TUB, BF,

Hampshire town lists FAMHIST

Ness et al. (18) Philadelphia 1993-1998 Hospitals Random-digit 767 1367 20-69 Frequency matching OC, PREG, HYST,

dialing age, residence TUB, BF,

FAMHIST

*Eligible case patients were defined as those with histologically proven epithelial ovarian cancer.

tlnformation was requested for duration of oral contraceptive use (OC), number of full-term pregnancies (PREG), duration of breast-feeding per preg nancy (BF), history of hysterectomy
(HYST), history of tubal ligation (TUB), and history of breast or ovarian cancer in mother or sister (FAMHIST).

:_The dataset from Nasca et al. (13) excludes 17 case patients with unknown histology and 83 case patients with nonepithelial ovarian tumors.
§Hysterectomy until time of menopause only.

IISEER = Surveillance, Epidemiology, and End Results. SEER is a set of geographically defined, population-based, central cancer registries in the United St ates, operated by local

nonprofit organizations under contract to the National Cancer Institute (NCI). Registry data are submitted electronically without personal ident ifiers to the NC1 on a biannual basis, and
the NCI makes the data available to the public for scientific research.

1The CASH dataset (15) excludes 40 case patients and 370 control women from New Mexico and Utah, for whom fewer variables were collected, and excludes 39 additional case pati ents
with unknown, benign, or secondary ovarian disease.

#The dataset of Purdie et al. (12) excludes 22 case patients with peritoneal ovarian tumors.

We defined women as having a history of mul- lected information on a different set of confounding excluded from the analysis all subjects for whom

tiple births if they reported any full-term pregnan- factors (Table 1), we used two approaches to calcu- exposure information was missing (as opposed to

cies resulting in the birth of more than one infant. In late adjusted risk estimates. First, we calculated par- not collected). Continuous terms for age (in years)

seven of the eight studies, multiple births were iden- tially adjusted risk estimates for multiple birth by and age-squared (to adjust for residual nonlinear ef-

tiffed at the time of interview by specific questioning adjusting only for the set of potential confounders fects of age) and indicator variables for study were
about the outcome of each pregnancy. For the re- that was common to all of the studies (i.e., age, included in each regression model. We used the

maining study (13), multiple births were identified duration of oral contraceptive use, number of full- Breslow-Day statistic (31) to assess homogeneity of

at the time of data processing by an algorithm that term pregnancies, and hysterectomy). Second, we the ORs in the stratified analyses. In the regression

assessed all pregnancy events in each woman's re- calculated fully adjusted risk estimates in a model analyses, an interaction term, study x multiple birth,

productive history for similar event dates; possible that included terms for all of the common variables was added to a simpler model without this term, and

matches were then individually checked. (as above), as well as terms for the remaining po- the change in the likelihood ratio statistic was used

Statistical Analyses tential confounders of interest (i.e., average duration to assess homogeneity. Heterogeneity was assessed
of breast-feeding per pregnancy, history of tubal li- at the ct = . 10 statistical significance level. All P

The relative risk of ovarian cancer associated with gation, and history of breast or ovarian cancer in a values given are from two-sided tests, and all analy-

multiple birth was estimated by the odds ratio (OR) mother or a sister). Because four studies (13-16) did ses were performed in SAS version 6.12 (32).

and 95% confidence interval (CI). Risk estimates not gather information for one or more of these three

were calculated for all epithelial ovarian cancers in additional variables (Table 1), a separate category, RESULTS
the first instance and then separately for nonmuci- named "not collected," was created to accommodate

nous (serous, clear cell, endometrioid, Brenner, and subjects from those studies. In practice, when we We first estimated the relative risks for
other epithelial types) and mucinous ovarian tumors restricted the analysis to those studies with the full all types of epithelial ovarian cancer, re-

because there is increasing evidence to support the set of confounding variables, we found very little gardless of histologic type (n = 2859).
hypothesis that these types of ovarian cancer are difference between the partially and fully adjusted Pooling data from all eight studies for
etiologically distinct (27,28). Crude ORs were cal- risk estimates for multiple birth. We, therefore, con- parous women, we found that women
culated for each study, and a pooled OR was derived sidered that these additional variables were not sub-

with ovarian cancer (73 case patients;by the method of Mantel-Haenszel (29). stantive confounding variables and the assignment

We then undertook multivariable logistic regres- of some subjects to a "not collected" category was 2.6%) were less likely to have a history of
sion analyses to control for the potentially confound- unlikely to introduce bias (30). We have presented multiple births than women without ovar-

ing effects of other factors. Because each study col- only the fully adjusted estimates in the tables. We ian cancer (257 control women; 3.5%)
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(Mantel-Haenszel OR = 0.77; 95% CI Table 2. Odds ratio of epithelial ovarian cancer (crude and fully adjusted) among parous women

---- 0.59-1.01). Adjustment for maternal associated with multiple births, analyzed according to histologic type and stratified by study*

age, study, number of full-term pregnan- Women, No. multiple/ Crude OR Fully adjusted
cies, duration of oral contraceptive use Study (reference No.) No. no multiple births (95% CI) OR't (95% CI)
and breast-feeding, history of hysterec-

tomy or tubal ligation, and history of

breast or ovarian cancer in a mother or a Control women

sister made little difference to this esti- Nasca et al. (13) 15/669
mate (Table 2). There was no formal sta- Hartge et al. (14) 10/249

tistical evidence of heterogeneity of the CASH (15) 128/3184
Chen et al. (16) 11/333

ORs, although it was clear that the point Risch et al. (19) 19/482
estimate for one study (13) was consider- Purdie et al. (12) 25/700

ably higher than the point estimates of the Cramer et al. (17) 16/401
Ness et al. (18) 33/1159

other seven studies (Table 2). The "out-

lying" study differed from the remainder Pooled estimate
in the sampling frame for control women Homogeneity:_

and the way in which multiple births were

identified. Because we could not exclude All women with epithelial ovarian cancers

the possibility of bias arising from these

methodologic differences, the summary Nasca et al. (13) 8/208 1.72 (0.72-4.10) 1.79 (0.72-4.44)
estimates were recalculated after this Hartge et al. (14) 6/201 0.74 (0.27-2.08) 0.91 (0.31-2.67)
dataset was excluded (Mantel-Haenszel CASH (15) 12/325 0.92 (0.50-1.68) 1.12 (0.60-2.08)

OR = 0.71 [95% CI = 0.53-0.95]; fully Chen et al. (16) 7/235 0.90 (0.35-2.36) 0.64 (0.24-1.73)
Risch et al. (19) 8/337 0.60 (0.26-1.39) 0.71 (0.30-1.68)

adjusted OR = 0.74 [95% CI = 0.55- Purdie et al. (12) 12/591 0.57 (0.28-1.14) 0.60 (0.29-1.22)
1.01 ]). Cramer et al. (17) 12/366 0.82 (0.38-1.76) 0.77 (0.35-1.69)

Women with nonmucinous ovarian tu- Ness et al. (18) 8/523 0.54 (0.25-1.17) 0.59 (0.26-1.30)

mors (n = 2453) were less likely to have
Pooled estimate 0.77 (0.59-1.01) 0.81 (0.61-1.08)

a history of multiple births than control Homogeneity:_ X2 = 5.77 (P = .57) X2 = 6.42 (P = .49)
women in seven of the eight studies

(Table 2), and this was reflected in the Women with nonmucinous ovarian cancers only
summary Mantel-Haenszel OR (OR =

0.67; 95% CI = 0.49-0.91). Overall, the

effect of statistical adjustment for other Nasca et al. (13) 5/178 1.25 (0.45-3.50) 1.39 (0.48-4.03)
Hartge et al. (14) 6/187 0.80 (0.29-2.24) 0.95 (0.32-2.81)

confounding factors was negligible (fully CASH (15) 7/277 0.63 (0.29-1.36) 0.77 (0.35-1.70)
adjusted pooled OR = 0.71; 95% CI = Chen et al. (16) 5/211 0.72 (0.25-2.09) 0.51 (0.17-1.55)
0.52-0.98). Again, we recalculated the Risch et al. (19) 4/274 0.37 (0.13-1.10) 0.44 (0.14-1.36)

summary OR after excluding the outlying Purdie et al. (12) 11/504 0.61 (0.30-1.25) 0.66 (0.32-1.39)
Cramer et al. (17) 10/317 0.79 (0.35-1.77) 0.73 (0.32-1.68)

study, but we observed little change from Ness et al. (18) 8/449 0.63 (0.29-1.37) 0.69 (0.31-1.54)
the earlier estimate (fully adjusted OR =

0.68; 95% CI = 0.49-0.94). Pooled estimate 0.67 (0.49_).91) 0.71 (0.52_).98)
No consistent pattern of association Homogeneity_ X2 = 3.06 (P = .88) X2 = 3.31 (P = .85)

was observed among the smaller number

of women with mucinous ovarian tumors Women with macinous ovarian cancers only

(n = 406). The impression of heteroge-

neity of the ORs for the crude and the Nasca et al. (13) 3/30 4.46 (1.23-16.24) 3.27 (0.79-13.55)
adjusted models was supported by statis- Hartge et al. (14) 0/14 0 0
tical evaluation. Summary ORs were cal- CASH (15) 5/48 2.59 (1.01_.62) 2.99 (1.15-7.77)

culated (Table 2); however, because of Chen et al. (16) 2/24 2.52(0.53-12.04) 2.35 (0.46-11.97)
Risch et al. (19) 4/63 1.61 (0.53--4.89) 1.71 (0.54-5.40)

the heterogeneity, we view these esti- Purdie etal. (12) 1/87 0.32(0.04-2.41) 0.28(0.04-2.15)
mates with caution. Cramer et al. (17) 2/49 1.02 (0.23-4.58) 1.03 (0.22-4.81)

We found no evidence that risks asso- Ness et al. (18) 0/74 0 0

ciated with multiple births differed among Pooled estimate 1.27 (0.77-2.10) 1.28 (0.76-2.15)
women with invasive (n = 2333) or bor- Homogeneity_ X2 = 12.92 (P = .07) X2 = 15.31 (P = .03)
derline (n = 526) tumors (OR for inva-

sive tumors = 0.84 [95% CI = 0.62- *OR = odds ratio; CI = confidence interval; CASH = The Cancer and Steroid Hormone Study.
1.15]; OR for borderline tumors = 0.72 tUnconditional logistic regression analysis adjusted for exact age, age-squared, number of full-term

[95% CI = 0.40-1.32]). Information on pregnancies, duration of oral contraceptive use (in months), hysterectomy, average duration of breast-feeding

the sex combination of multiple births per pregnancy, history of breast or ovarian cancer in mother or sister, and tubal ligation. Not all studies had
complete information for all confounding variables (see Table 1 for list of confounder availability).

was available for 141 women (47 oppo- _:Homogeneity was assessed by testing the Breslow-Day statistic (for the crude ORs in stratified analyses)
site-sex sets and 94 same-sex sets) from or the likelihood ratio statistic (for the interaction term in the regression analyses) against the _(-_distribution
five studies (4,12-14,18). The adjusted with (n - 1) degrees of freedom. All P values are from two-sided tests.
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OR for epithelial ovarian cancer (of all than age-matched, equiparous mothers of exposure to fertility treatments. If so, then
histologic types) among women with op- singletons. The gonadotropin hypothesis one would expect women with a history
posite-sex offspring from multiple births postulates that factors that predispose to of multiple births to have higher levels of
was 0.76 (95% CI = 0.39-1.45), and the higher levels of gonadotropins will in- exposure to these medications than other
adjusted OR among women with same- crease the risk of ovarian cancer (4). Be- parous women and, therefore, to be at in-
sex offspring was 0.80 (95% CI = 0.51- cause most published studies (5,6,33), but creased risk of epithelial ovarian cancer.
1.25). Restricting the analysis to include not all (8), have reported that mothers of We observed the opposite association in
only those women with nonmucinous twins have higher serum levels of gonad- seven of the eight studies and conclude
ovarian cancers, we observed ORs of 0.73 otropins than mothers of singletons, this that, if confounding of this type did occur
(95% CI = 0.37-1.47) and 0.79 (95% CI hypothesis also predicts that such women in these datasets, then the true effect of
= 0.49-1.27) for opposite-sex and same- ought to be at higher risk of ovarian can- multiple births may be even more protec-
sex multiple birth sets, respectively, cer. Our finding that women with epithe- tive than we have estimated. Even so, the

Finally, we grouped women according lial ovarian cancer were less likely to possibility of confounding by fertility
to their total number of full-term pregnan- have a history of multiple births is, there- drugs is remote because this analysis was

cies. We found similarly reduced ORs for fore, clearly at odds with both of these restricted solely to parous women who
nonmucinous epithelial ovarian cancers in hypotheses, had mostly completed their families be-
each group, although none of the esti- Several features of our investigation fore widespread availability of these treat-

mates was statistically significantly re- suggest that our observations reflect a real ments.
duced (Table 3). We observed no such reduction in risk and are not the result of We cannot exclude a role for selection

consistency of effect with mucinous ovar- artifact. The magnitudes of the risk esti- or information biases in contributing to
Jan cancers, mates were remarkably consistent across these pooled results; however, overall, we

DISCUSSION the individual studies, and the effects per- consider the likelihood to be small. For
sisted after adjustment was made for re- example, it is possible that a woman's de-

Several models have been proposed to productive and other factors known to cision to participate in a study may have
explain the etiology of ovarian cancer; powerfully influence the risk of both been influenced by whether or not she had
principal among these have been the in- ovarian cancer and multiple births. One a history of multiple births, but the fact
cessant ovulation (3) and gonadotropin factor that was not controlled in our that similar effects were observed regard-
(4) hypotheses. Although both of these analyses was the use of fertility treat- less of the number of pregnancies argues
models account for most epidemiologic ments, principally because this informa- otherwise. We have no reason to suspect
observations in the occurrence of this dis- tion was not collected in most of the stud- that women with ovarian cancer system-
ease, both models predict that women ies. The use of fertility treatments is atically misclassified or underreported
with a history of multiple births should be potentially an important source of con- their multiple pregnancies (or the con-
at increased risk for epithelial ovarian founding because multiple births are more verse for control women). It is similarly
cancer. For example, double ovulations common among women who have taken unlikely that, within each study, inter-
are more frequent among mothers of natu- fertility treatments and because these viewers systematically elicited multiple
rally occurring dizygotic twins than drugs have been associated with increased birth information differently for case pa-
among mothers of singletons (7,8). If so, risks of ovarian cancer (34). It might, tients and control women because this
then under the incessant ovulation hy- therefore, be argued that any association was not a primary hypothesis for any of
pothesis, such women will cumulatively between multiple births and ovarian can- the studies. The only study that did not
suffer more epithelial trauma and, there- cer is spurious and simply due to con- specifically record multiple birth data at
fore, be at higher risk of ovarian cancer founding introduced by differing levels of the time of interview was the only study

Table 3. Odds ratio of epithelialovarian cancer (by histologictype) associatedwith multiplebirths, stratifiedby numberof
full-termpregnancies*

All women with epithelial Women with nonmucinous ovarian Women with mucinous ovarian

ovarian cancers cancers only cancers only
No. of Control women,

full-term No. multiple/No, no No. multiple/No, no No. multiple/No, no No. nmltiple/No, no

pregnancies multiple births multiple births OR (95% CI) t multiple births OR (95% CI) multiple births OR (95% CI)

1 22/1021 9/557 0.76 (0.32 -1.82) 7/469 0.66 (0.26 -1.70) 2/88 1.21 (0.25 -5.81)

2 51/2420 19/1004 1.03 (0.57 -1.87) 14/874 0.89 (0.46 -1.73) 5/130 1.92 (0.72 -5.09)

3 67/1815 16/674 0.64 (0.35 -1.14) 15/590 0.66 (0.36-1.21) 1/84 0.35 (0.05-2.64)

4 51/1036 11/317 0.64 (0,31 -1.31) 10/265 0.70 (0.33 -1.49) 1/52 0.34 (0.46-2.61)

5 66/884 18/234 1.04 (0,56 - 1.92) 10/199 0.62 (0.29 - 1.32) 8/35 2.92 (1.20 -7.10)

Homogeneity:_ X-_ = 2.39 (P = .66) X"_= 0.69 (P = .95) Xz = 9.22 (P = .06)

*OR = odds ratio; CI = confidence interval.

_Unconditional logistic regression analysis, adjusting for exact age, age-squared, study, duration of oral contraceptive use (in months), hystere ctomy, duration of breast-feeding, history

of breast or ovarian cancer in mother or sister, and tubal ligation. Not all studies had complete information for all confounding variables ( see Table 1 for list of confounder availability),

:]:Homogeneity was assessed by testing the lildihood ratio statistic (for the interaction term of number of full-term pregnancies and multiple births) against the X2 distribution with (n -

1) degrees of freedom. All P values are from two-sided tests,
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to generate a risk estimate greater than 1. nancies are considerably higher than dur- ovulationinmothers of dizygotictwins.J Clin
To analyze this study, we derived a mul- ing singleton pregnancies (36-38), this EndocrinolMetab 1996;81:1557_2.
tiple-birth variable by using a computer same mechanism could explain why mul- (9) WyshakG, HoneymanMS, FlanneryJT,Beck

AS. Cancer in mothers of dizygotic twins. Jalgorithm based on shared-event dates in tiple pregnancies are super-protective
the obstetric history. Because the preva- over and above the benefits of other full- Natl Cancer Inst 1983;70:593-9.
lence of multiple births among control term pregnancies. We found reduced risks (10) Lambe M, Wuu J, Rossing M, Hsieh CC.Twinningand maternal riskof ovarian cancer
women in that study (2.2%) was notice- of ovarian cancer, regardless of the sex [letter].Lancet 1999;353:1941.
ably lower than that in the other studies combination (and by inference, the zygos- (11) Olsen J, Storm H. Pregnancy experience in
(3.6%), we suspect that this method may ity) of the multiple births, which suggests womenwho later developedoestrogen-related
not have identified all women with a his- that the effect is associated directly with cancers (Denmark). Cancer Causes Control

tory of multiple births. Moreover, control the multiple-birth event and is not related 1998;9:653-7.
women in that study were sampled from to factors specifically associated with (12) Purdie D, Green A, Bain C, Siskind V, Ward

V, Hacker N, et al. Reproductiveand other
drivers' license files and, thus, may differ monozygotic or dizygotic twinning, factors andrisk of epithelialovarian cancer:an
from the population in which the case pa- If progesterone (or some other hor- Australian case-control study. Survey of
tients arose in terms of social class, repro- mone of pregnancy) does reduce the risk Women's Health Study Group. Int J Cancer

of ovarian cancer, it remains to be deter- 1995;62:678-84.ductive history, and other ways likely to
influence risk. Consequently, despite the mined why the effect is additive and how (13) Nasca PC, GreenwaldP, ChorostS, RichartR,
lack of formal evidence for heterogeneity, it is produced. Adami et al. (39) have Caputo T. An epidemiologic case-control
we took the precaution of repeating cer- speculated that pregnancy clears the study of ovarian cancer and reproductivefac-tors. AmJ Epidemiol 1984;119:705-13.
rain analyses after excluding those data. ovary of cells that have previously under- (14) Hartge P, Schiffman MH, Hoover R, Mc-

Our findings of a reduced risk of epi- gone malignant transformation and that GowanL, LesherL, NorrisHJ. A case-control
thelial ovarian cancer associated with this effect might be mediated by steroid studyof epithelialovarian cancer.AmJ Obstet

multiple births are in general agreement hormones. This hypothesis awaits empiri- Gynecol 1989;161:10_5.
with record linkage studies from Den- cal testing at the cellular level but may (15) The Cancerand Steroid HormoneStudyof the
mark (11) and Sweden (10), which re- explain our epidemiologic findings. Centers for Disease Control and the National

Given the rarity of ovarian cancer and Instituteof Child Healthand Human Develop-ported lower risks of ovarian cancer
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